Nd0.7Sr0.3MnO3films were grown on amorphous-SiO2 substrate. The as-deposited film exhibits amorphous nature while that of annealed film is found to be crystalline. The XRD pattern of the annealed film was Rietveld refined using Pbnm space group and the lattice parameters are found to be a = 5.467Å, b = 5.456Å and c = 7.683Å. The optical spectra show two characteristic peaks at 1.5 eV and 3.6 eV and they are attributed to charge excitation in O (2p) -Mn (3d) and band gap transition Mn (3d) respectively. The energy band gap values of as-deposited and annealed films are 2.98 eV and 2.64 eV respectively. The annealed film exhibits ferromagnetic transition with TC 122K and the saturation magnetization of 3.1μB/f.u.
Introduction
Alkaline earth doped rare earth manganites are known to exhibit large negative magneto-resistance due to metalinsulator transition associated with double exchange ferromagnetism (Rao and Raveau (1998) and Nagaev (2001) ). These materials continue to draw the research interest due to their potential applications in spintronic devices in the form of magnetic multilayer (Gibert et al. (2012) ). Thin films have advantage over bulk samples in electronic circuits, so there are several works on the deposition and optimization of growth condition for the above samples. Coulon et al. (2003) and Wong et al. (2012) have deposited (La,Sr)MnO3 (LSMO) thin films on LaAlO3(001) and SrTiO3(100) substrates and shown that the metal-insulator transition temperature is comparable to single crystal samples. The lattice strain effect on LSMO thin films was studied by Wong et al.(2012) by depositing the films on (001), (110) and (111) oriented LaAlO3 substrates. Sun J. et al. (1999) and Sun Y. et al. (2008) studied the thickness dependence of LSMO thin films and found that these films behave like dead layer with insulating behaviour when the thickness is reduced to several nanometers. Metal-insulator transition was observed only for thickness larger than 20 nm. A large low field magneto-resistance was reported in LSMO-MgO composite films (Staruch et al. 2013) . Unlike LSMO the report on Nd0.7Sr0.3MnO3 thin films are limited (Xiong et al. (1995) ). Optical transmittance and conductivity studies give rich information about the nature of electronic structure, the charge transfer, etc. (Okitomo et al. (1997) , Kaplan et al. (1996) and Cesaria et al. (2013) ) and such information is crucial in understanding the magnetic interaction and electric transport.
In this paper, we report the deposition of Nd0.7Sr0.3MnO3 thin films on amorphous-SiO2 substrate. The structural, optical, electrical and magnetic properties are reported.
Experimental techniques
Nd0.7Sr0.3MnO3 (NSMO) thin film was deposited by using a commercial rf-magnetron sputtering system on amorphous-SiO2 substrate. Cylindrical target material of NSMO with 2 inch diameter and 3 mm of thickness was prepared by conventional solid state reaction method. Nd2O3, SrCO3 and C4H6MnO4.4H2O of 99.9% purity were taken as starting materials. The stoichiometric ratio of the above compounds were weighed, grinded under acetone medium and pre-sintered in the temperature range 400 C -800 C. It was pressed into a form of cylindrical target followed by sintering at 1100 C for 24 h. NSMO film was grown on an amorphous SiO2 substrate by maintaining Ar/O2 flow rate of 2:1 ratio during the deposition. Initially the chamber was evacuated to the base pressure of 3x10 -5 mbar and during the deposition the working pressure was maintained at 4.5 x 10 -2 mbar and the substrate temperature was kept at 400 C. The rf power was maintained at 50 W. Thickness of the film was found to be 110 nm as per the measurement using a commercial profilometer (Veeco DEKTAK 150). One film was post annealed at 700 C for 1h in air. X-ray diffraction pattern was recorded by using Rigaku TTRAX III diffractometer. Lakeshore make vibrating sample magnetometer of model number 7410 was used for magnetization measurements. Temperature variation of electrical resistivity down to 30 K was measured using the four probe method. Optical transmittance spectrum in the UV-Visible range was recorded using Shimadzu, UV-3101PC UV-spectrophotometer. Surface profile of the thin film was studied using an atomic force microscope (Agilent Technologies -5500). Fig.1 shows the XRD patterns of as-deposited and the annealed NSMO thin films. The as-deposited film is found to be in amorphous form and that of annealed film is found to be in single phase crystalline form. The XRD pattern of annealed film could be refined by using Pbnm space group in orthorhombic cell with lattice parameters a = 5.467 Å, b = 5.456 Å and c = 7.683 Å. The refined data are shown as solid line in Fig. 1(b) . All the observed peaks could be refined and the lattice parameters are comparable to literature (Gibert et al. (2012) ). AFM images of as deposited and annealed thin films are shown in Fig. 2 . The rms roughness values are found to be 13 nm and 16 nm for as deposited and annealed film respectively. Thus upon annealing the roughness increases due to uneven growth of grains. The absorption coefficient ( ) spectra of as-deposited and annealed films are shown in Fig. 3(a) . Both spectra show a broad peak in the region h < 2 eV and beyond that they rise rapidly up to around 4 eV. Beyond 4 eV, no appreciable change in the spectrum is observed. The absorption coefficient of annealed sample is found to be larger than that of as-deposited film especially in the energy range h 2.6 eV: however for h > 2.6 eV the trend is found to be vice-versa. The positions of absorption peaks for the annealed sample are found to be 1.5 eV and 3.6 eV; however such peaks are found to be the shifted towards higher energy side for the as-deposited film, i.e. 1.67 eV and 4.0 eV. The absorption spectrum of as-deposited film is found to be broader than that of annealed film. Thus the broad spectrum and the shifting of peak to higher energy side in as-deposited film can be attributed to its amorphous nature. The peak observed at around 1.5 eV can be attributed to charge transfer type excitation between (O-2p) and (Mn-3d) bands as reported by Okimoto et al. (1997) . The optical excitation observed around 3.5 eV can be attributed to Mn (3d) gap transition as theoretically predicted by Kovaleva et al. (2001) . The variations of optical transmittance with energy of incident photons for as deposited and annealed NSMO films are shown in Fig. 3(b) . The energy band gaps of the films were determined by plotting ( .h ) 2 as a function of energy (h ) as shown in Fig. 4 . Here, is the absorption coefficient. The energy band gap values are found to be 2.98 eV and 2.64 eV for as-deposited and annealed films respectively. So the amorphous film exhibits larger band gap compared to crystalline sample. Such a large band gap value in amorphous phase is a known phenomenon ). Cesaria et al. (2013) have reported that the band gap of La0.7Sr0.3MnO3 thin film deposited under 0.5 Pa is 2.68 eV and it is comparable to the band gap of the present annealed thin film sample. Fig. 4 . Plot of ( .h ) 2 versus photon energy (h ) for as-deposited and annealed films.
Results and discussions
Temperature variation of magnetization measured at 2 kOe for the annealed film is shown in Fig 5(a) . The film exhibits a broad ferromagnetic transition with onset at around 150 K. The TC of the film is found to be smaller than the TC (220K) of the bulk NSMO target and such variation can be attributed to lattice mismatch with substrate, lattice strain etc. Similar reduction in TC of thin film samples of LSMO are reported in literature (Nagaev (2001) and Gibert (2012) ). The susceptibility data in the paramagnetic region were fitted to the modified Curie-Weiss law
The fitted data are shown as solid line along with the experimental data in the inset of Fig. 5(a) . The Curie temperature is found to be 157 K. The effective magnetic moment obtained from the Curie constant is 5.82 B and is comparable to the theoretical value (5.78 B). Unlike annealed film, the as-deposited film did not show any magnetic transition and this can be understood as a result of amorphous nature of the film. Typical M-H loop recorded at T = 50 K is shown in Fig. 5(b) for the annealed film. The ferromagnetic behaviour of the M-H loop can be found and the saturation magnetization is found to be 3.1 B and is quite close to the expected value of 3.5 B. The remnant magnetization and coercive field values are found to be 2.14 B and 228 Oe respectively. Temperature variation of electrical resistivity was measured down to 30 K, the film exhibits metal-insulator transition at 60 K and it coincides with the end of ferromagnetic transition. 
Conclusion
We have deposited Nd0.7Sr0.3MnO3 thin films on amorphous SiO2 substrate. Crystal structural, optical and magnetic properties were studied on as-deposited and annealed films. The XRD pattern of annealed film was refined with Pbnm space group with lattice parameters a = 5.467 Å, b = 5.456 Å and c = 7.683 Å, however the as-deposited film was found to be amorphous in nature. The energy band gap values obtained from optical studies are found to be 2.98 eV and 2.64 eV respectively for the above films. The annealed film exhibits ferromagnetic transition at 122 K along with a metal-insulator transition. The saturation magnetization value at 50K is found to be 3.1 B, which is quite close to the expected theoretical value. The annealed film exhibits metal-insulator transition.
